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Abstract 
This paper aims to analyse the existence of a long term relationship between the modal split in transport and the sustainable 
economic development. The case considered is that of Romania in the period 1990-2013 (it includes the transition period and 
the crisis periods). The economic evolution is quantified using the GDP at market prices Index 2005 (=100). The Engel-
Granger two step methodology and the Pearson coefficient are used in order to analyze the data series. It has been found that 
there is a long term relationship between the different transport modes and the GDP index. The paper also provides an in 
depth comparative analysis regarding the different action leverages in the modal field, that affect the sustainable economic 
growth. In the end, some policy recommendations are formulated in order to stimulate economic growth using modal 
transportation modes. 
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1. Introduction. Transport and sustainable development: managing multimodal systems 
As (Nijkamp, P., 1994) points out, “the concept of sustainable development represents a balance between 
industrial, social, ecological and economic development.” Concerning the environmental and economic 
sustainability, a “careful prioritisation both of the environmental impacts which are most damaging, and of the 
instruments which are most cost-effective” is necessary (Gwilliam, K., 1997). Thus, production and consumption 
should not cause irreparable environmental degradation: “Transport can be positioned at the crossroads of 
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economic and environmental interests. On the one hand, transport is a necessary activity in an economy 
characterized by product and labour specialization: it leads to a significant rise in productivity of the total capital 
base of an economy, whereas it increases our welfare perception (the “locomotive” society). On the other hand, 
transport erodes the stock of natural assets of our world (both stocks of energy and raw materials and the 
environment at large).” (Nijkamp, P., 1994). Concerning the social sustainability of transport, it refers to “the 
relationship between economic growth and poverty.”   
Rondinelli, D. and Berry, M. (2000) emphasize that there is a strong need for proactive management in the 
transportation system, and recommend the identification of the factors with a negative impact on the environment 
and the use of the most suitable ways of reducing them. Although all transportation modes are harmful for the 
environment, their scale and nature of impact are different. According to the classification of environmental 
impacts by means of transport provided by Gwilliam, K. M. and Geerlings, H. (1992), a great potential for both 
sea and inland waterways transportation can be seen. This calls for more research that includes this mode of 
transportation. 
Due to the economic globalization, market requirements, innovative business practices (including supply 
chain management), researchers and practitioners of the 21st century focus more and more on the intermodal 
freight transport. DeWitt, W. and Clinger, J. (2000) define the intermodal freight transport as “the use of two or 
more modes to move a shipment from origin to destination. An intermodal movement involves the physical 
infrastructure, goods movement and transfer, and information drivers and capabilities under a single freight 
bill.” As evidenced by Yevdokimov (2000) cited by Havenga, J., Simpson, Z. and De Bod, A. (2012), intermodal 
freight transport contributes to the economic productivity both by improving the current activity and by expanding 
them leading to a stable long term increase in economic growth. 
However there are many challenges to overcome in order to make the intermodal freight transport as effective 
and efficient as it needs. Intermodalism of the future will demand faster shipment through the supply chain, better 
execution of the supply chains in terms of quality and reliability, smarter information-communication capabilities 
in terms of providing alternatives, options and continued change, and finally more profitable supply chains 
(DeWitt, W. and Clinger, J., 2000). 
As Caris, A., Macharis, C. and Janssens, G. K. (2013) pointed out, policy makers are more and more interested 
in the intermodal freight transport.  
Some modes are specifically emphasized for their role in a sustainable development. Thus, in the “Freight 
Transport Logistics in Europe - the key to sustainable mobility”, the European Commission (2007) highlights the 
need for the rail and inland waterways to be modernized; it also suggests that deep - sea shipping and its hinterland 
connections need to be enhanced. 
There is a vast literature studying the different initiatives of EU countries that support this conclusion. For 
example: 
• Havenga, J., Simpson, Z. and De Bod, A. (2012), studying the case of Germany, point out the efforts made to 
allow each transport mode to use its core strength in building supply chains that are more efficient, cost 
effective and sustainable. 
• Austria developed an innovative inland navigation program (European Commission, 2007).  
• The Netherlands supported the construction of loading and unloading facilities along inland waterways with 
the aim to make inland waterways more accessible and stimulate modal shift and freight transport by inland 
navigation (the Dutch Subsidy Public Inland Terminal (SOIT) and the Subsidy Private Inland Waterway 
Connection (SBV) programs).  
• England decided to help offset the capital cost of providing rail and water freight handling facilities. Moreover, 
the UK Company Neutral Revenue Support Scheme (CNRS) has encouraged modal shift in container traffic 
from road to rail and secure growth in the deep-sea, short-sea, and domestic intermodal freight sectors.  
More globally, an in depth analysis of the intermodal transportation around the world points out that maritime 
ports are one of the key modal transport in the multimodal transport infrastructure. Also in EU, ports like 
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Rotterdam, Antwerp, Hamburg, Bremerhaven, and Le Havre combine deep sea haul facilities with all other types 
of transport freights, including inland waterways. The intermodal sea and river mix is increasingly used because 
it has multiple advantages: it largely contributes to the sustainability of the transport system; it is the most 
environmentally-friendly mode of land transport; it leads to a reduction in transport costs (EU programme 
NAIADES, 2006). 
2. Transport and sustainable development in Romania: the potential of sea and inland waterways 
Globalization and EU enlargement to the East have created new challenges for European transport. First, the 
fast growth of freight transport contributes to the economy, but also causes congestion, noise, and pollution. EU 
Commission states that, without adequate measures, the situation will continue to worsen and increasingly 
undermine Europe's competitiveness and the environment. The Commission therefore recommends modernizing 
logistics to boost the efficacy of individual modes of transport and their combinations. In particular it 
recommends a better distribution of traffic towards more environmentally friendly, safer and more energy 
efficient modes of transport. Second, the share of the logistics cost in the final price of the finished product has 
risen due to the lengthening of supply chains (resulting from off-shoring the production to countries from Far 
East, such as China). 
 The latest trend, due to the increasing awareness by companies, that they have to assess the total landed costs 
(rather than only the production costs), is a combination of off-shoring and near-shoring (production and/or 
assembly of products near the sales market in a lowest cost location). 
This near-shoring trend and the customization of the final product as near as possible to the sales market provide 
a very significant opportunity for the countries in Central and Eastern Europe (CEE) to attract the relevant 
business directly into the region, and especially for Romania as it possesses the geographical “turntable” position 
for inter-continental (Asia to Europe) and interregional (Silk Route and CEE hinterland) transport. The most 
promising corridors for the promotion of intermodal transport (EU Commission, 2007) are the intermodal rail 
corridor and the intermodal inland waterway corridor. 
According to studies as “Inter-Modal Strategy Romania 2020”, the volume of transport associated to the new 
assembly activities to be performed inside Romania could be up to 2.1 mln TEU (Twenty-foot equivalent unit) 
in 2020. A second opportunity for Romania could be to facilitate a more direct flow of goods into CEE (Central 
and Eastern Europe) via the Port of ConstanĠa and inland waterways instead of the current routes via North-West 
Europe. In fact, of the total GDP in Europe, CEE “consumes” 12%. However, only 1% of the total import flow 
by sea comes directly into CEE. For a part from the other 11%, the Port of ConstanĠa could be in competition, 
especially with the ports in the North Adriatic and in the Le Havre - Hamburg range. From the total market for 
this “CEE package”, estimated at over 18 mln TEU in 2020, expert reports estimate that the Port of ConstanĠa 
can attract over 4 mln TEU, if a “path of least resistance” in and through Romania could be provided. Together 
with the “New Assembly package” this would mean a total potential of up to 6 mln TEU handled in Romania in 
2020. 
In reality, inter-modal forecasts for Romania based on the actual modal mix indicate an inter-modal transport 
volume in and through Romania of only 1.2 mln TEU. In most of these forecasts it is expected that the Port of 
ConstanĠa will not have a significant competitive position and thus will not attract the traffic destined to the other 
CEE countries in significant volumes. In fact, the Port of ConstanĠa holds a number of key advantages, such as 
depth, expansion possibilities and nearness to the Central & Eastern European markets. However, the logistics 
industry and experts are unanimous that important key elements of the “path of least resistance” remain to be 
developed, build upon the backbone of inter-modal transport solutions, in order to offer the market a real 
competitive package.  
In this context (on one hand, the current European trend of giving a greater role to transportation modes that 
are more favourable to sustainable development - see point 1 ; on the other hand the potential for development 
that Romania seems to have in this domain due to sea and inland waterways - see point 2.), the present paper 
wants to verify whether, beyond these evolutions and this potential, there is also a real economic interest for such 
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an evolution of the intermodal mix in Romania. In other words, if in case of Romania there is a clear and 
stable correlation between the economic growth and the priority development of certain transport modes 
(sea and inland waterways in particular). If the answer is affirmative, then it means that policy makers from 
Romania should study the leverages that could encourage the development of this priority mode, of course, 
respecting a harmoniously intermodal mix. 
Chapter 3 shows the research methodology that has been used. The authors focused on the economic 
component due to the lack of proper data for the other two components of the sustainable development concept. 
Chapter 4 illustrates the obtained results and their discussion (in particular the fact that it has been found a long 
term relationship between the economic growth in Romania and the quantity of goods transported by inland 
waterways); the relationship is available in the opposite way too. Chapter 5 presents the conclusions and based 
on the literature review and the experience of other EU countries it suggests some possible lines of decision. 
3. Research methodology 
The data used cover the 1990-2013 period in Romania. The economic growth was measured using the GDP 
at market prices Index 2005 (=100). Next the transport quantities for each mean of transport was provided: 
railway transport, road transport, inland waterway transport, sea transport, pipeline transport; the source for these 
data was the TEMPO Online database provided by the National Institute of Statistics of  Romania; the unit 
measurement for these data was thousand of tones.  
In order to analyse the data series two methods were used: the Engel-Granger two step methodology and the 
Pearson coefficient. If the data series are non-stationary, the Engel-Granger methodology is the one suitable for 
analysis, thus this has been employed; if the data series are stationary, the Engel-Granger Methodology is not 
suitable for analysis, thus the Pearson Coefficient has been employed. Both methods provide information on the 
relationship between the modal split of transports and economic growth, yet the first one verifies the existence 
of a long term relationship and the last one provides information on correlations. 
Next the Engel-Granger Methodology is shortly described, adapted from Lazăr (2011, p. 205-220). 
• The series were tested for stationarity using the Augmented Dickey Fuller test. The hypothesis of the 
test were:  
 
ܪ଴ ൌ ݄ܶ݁݀ܽݐܽݏ݁ݐ݄ܽݏܽݑ݊݅ݐݎ݋݋ݐሺ݅ݏ݊݋ݐݏݐܽݐ݅݋݊ܽݎݕሻ 
ܪଵ ൌ ݄ܶ݁݀ܽݐܽݏ݁ݐ݅ݏݏݐܽݐ݅݋݊ܽݎݕ 
 
• The p-value set for the test is 0,05. The test was performed using the E-views package. If the p-value 
computed is lower than 0,05, then the null hypothesis is rejected, so the series are stationary; 
• Next the existence of a linear combination between the variable pairs was tested. The pairs were formed 
between the non stationary variables as follows: Gdp_index_vs_inland _waterway_transport, 
Gdp_index_vs_sea_transport, Inland_waterway_transport_vs_gdp_index, Sea_transport_vs_gdp_index, 
Inland_waterway_transport_vs_gdp_index. A simple regression was calculated between these variable pairs.  
The equations resulted were:  
 
ܩ݀݌݅݊݀݁ݔ௜ ൌ ߙ כ ݐݎܽ݊ݏ݌݋ݎݐܽݐ݅݋݊݉݋݀݁௜ ൅ ߚ ൅ ݎଵ௜      (1) ݐݎܽ݊ݏ݌݋ݎݐܽݐ݅݋݊݉݋݀݁௜ ൌ ߙ כ ݃݀݌݅݊݀݁ݔ௜ ൅ ߚ ൅ ݎଷ௜     (2) 
 
The first two equations verify the influence of the modal split of transport on the economic growth, while the 
last two equations verify the influence of the economic growth on the quantity of transported goods. 
The resulted residual series were tested using the Augmented Dickey Fuller test. If the respective residual series 
are stationary, than, one can conclude that there is a linear combination between the selected variable pairs; thus 
there is a long term relationship between them.  
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• The lag chosen for implementing the Augmented Dickey-Fuller Test was 0 in order not to lose data.
As the GDP Index series was not stationary, in order to test the existence of a correlation between the
economic growth and the quantity of goods transported by each mean of transport (in cases where the data series 
are stationary), the first difference was employed in order to stationarize the series.  
The Pearson coefficient, employed when the Engel Granger methodology was not appropriate, was computed 
using the SPSS 20 package. The p-value set for the test was 0,05. If the calculated p-value was below 0,05, there 
was a significant correlation between the variables. Moreover, if the coefficient is positive, the correlation is 
direct; otherwise, the correlation is indirect. 
4. Research results
Figure 1 presents the quantity of goods transported by each mean of transport in Romania for the 1990-2013
period, in thousand of tones according to the National Institute of Statistics, Tempo Online database. As one can 
observe, most of the goods were transported using railway, yet during the period several differences can be 
observed: in 1990 the amount of goods transported by railway was more then four times higher than the amount 
of goods transported by any other means of transport. After this, a sharp decline could be observed until 1998 
followed by a slow descending trend. However, for sea transport and inland waterway transport a slow ascending 
trend can be observed. The pipeline transport remained approximately constant. 
Fig. 1. Transported quantities by transport mode in Romania (in thousands of tons) 
Table 1 presents the results of the Augmented Dickey Fuller test, employed in order to test the series for 
stationarity. As one can observe, the series considering the GDP Index, the quantities of goods transported by 
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inland waterways and by sea are not stationary at level, but are stationary in the first difference. The series 
considering the quantity of goods transported by railway, roads and pipelines are stationary. The first set of series 
will be employed in the Engel-Granger methodology and the second one in the Pearson coefficient calculation. 
Table 1. Augmented Dickey-Fuller test for the selected variables 
Variable Augmented Dickey-Fuller test P value of 
the equations’ residuals and Equations’ 
coefficients 
P value Level P value first 
difference 
Gdp_index Trend and intercept 0,3440 0,0042 
Intercept 0,7878 0,0007 
None 0,9348 0,0001 
Inland_waterway_transport Trend and intercept 0,3372 0,0078 
Intercept 0,6546 0,0014 
None 0,7014 0,0001 
Sea_transport Trend and intercept 0,5654 0,0272 
Intercept 0,3950 0,0048 
None 0,8096 0,0002 
 
Table 2 presents the results of the regressions performed between the pairs of non-stationary series: the 
Augmented Dickey Fuller test results for the residuals, the equation’s coefficients and the p-value for the 
coefficients’ significance test. As one can observe, there is a long term relationship between the economic growth 
and the quantity of goods transported by inland waterway; the relationship is available in the opposite way too. 
Both relationships are positive, meaning that an increase in the quantity of goods transported by inland waterways 
will end up in an increase of the GDP Index, determining thus economic growth. Also an increase in the GDP 
index leads to an increase in the quantity of goods transported by inland waterways, meaning that the 
entrepreneurs find this mean of transportation profitable. A long term relationship could be observed between 
the quantity of goods transported by sea and the economic growth only at 15% significance level. The opposite 
relationship is confirmed for the 5% significance level.  
Table 2. Augmented Dickey-Fuller test P value of the equations’ residuals and Equations’ coefficients using the selected variables 
ƋƵĂƚŝŽŶŶĂŵĞ;ĚĞƉĞŶĚĞŶƚǀĂƌŝĂďůĞƐƐƚĂƚĞĚĨŝƌƐƚͿ ƵŐŵĞŶƚĞĚŝĐŬĞǇͲ&ƵůůĞƌƚĞƐƚWǀĂůƵĞ
ŽĨƚŚĞĞƋƵĂƚŝŽŶ͛ƐƌĞƐŝĚƵĂůƐ
ƋƵĂƚŝŽŶ͛Ɛ
ŽĞĨĨŝĐŝĞŶƚ
dƌĞŶĚĂŶĚ
ŝŶƚĞƌĐĞƉƚ
/ŶƚĞƌĐĞƉƚ EŽŶĞ
'ĚƉͺŝŶĚĞǆͺǀƐͺŝŶůĂŶĚͺǁĂƚĞƌǁĂǇͺƚƌĂŶƐƉŽƌƚ Ϭ͕Ϭϲϯϲ Ϭ͕ϬϮϵϴ Ϭ͕ϬϬϭϴ Ϭ͕ϬϬϯϵ;ƐŝŐ͘Ϭ͕ϬϱͿ
'ĚƉͺŝŶĚĞǆͺǀƐͺƐĞĂͺƚƌĂŶƐƉŽƌƚ Ϭ͕ϰϯϰϬ Ϭ͕ϱϮϲϭ Ϭ͕ϭϭϳϲ Ϭ͕ϬϬϮϵ;ƐŝŐ͘Ϭ͕ϬϱͿ
/ŶůĂŶĚͺǁĂƚĞƌǁĂǇͺƚƌĂŶƐƉŽƌƚͺǀƐͺŐĚƉͺŝŶĚĞǆ Ϭ͕ϬϵϬϮ Ϭ͕ϬϮϮϮ Ϭ͕ϬϬϭϯ Ϯϭϵ͕ϬϮϰϳ;ƐŝŐ͘Ϭ͕ϬϱͿ
^ĞĂͺƚƌĂŶƐƉŽƌƚͺǀƐͺŐĚƉͺŝŶĚĞǆ Ϭ͕ϱϭϰϳ Ϭ͕ϮϮϱϲ Ϭ͕ϬϮϵϭ ϭϲϮ͕ϬϬϲϮ;ƐŝŐ͘Ϭ͕ϬϱͿ
 
Next the authors calculated the correlation coefficients and the correspondent p-values. It seems there is no 
significant correlation between the economic growth and the quantity of goods transported by railway (0.08, 
sig.0.692), pipeline (0.197, sig.0.366) and road (0.060, sig.0.787) in Romania, which suggests that these modes, 
though indispensable, are less priority in the development of the new intermodal mix. 
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5. Conclusions and recommendations  
Our study seems to confirm that a greater focus on inland waterways and maritime transport modes could 
represent a way to contribute to sustainable economical development in Romania. But obviously, only a 
harmonious development of all modes and collaboration between them can finally ensure Romania a global 
competitive position. 
Usually, measures that could lead to a sustainable development need to be taken on three levels see Fig. 2. The 
micro level takes into account traditional micro level goals in order to ensure profit maximization by focusing on 
shareholder maximisation. The mezzo level, considers the geographical or the industry goals in order to improve 
welfare and the supply chain goals in order to optimize the supply chain. The macro level, takes into account the 
macro measures in order to maximize welfare though a long term focus on sustainability and growth. It is at this 
macro level that the Romanian government could act primarily. According to Nijkamp, P. (1994), there are four 
types of policy strategies that aim the sustainable development of transport systems: demand oriented policies 
consisting of a set of stimuli aiming to change transport behaviour, supply oriented policies meant to improve 
the quantity or quality of capacity of transport systems, technology policies, and physical planning measures 
meant to do a spatial location and redistribution of human activities. In order to promote the change, Romania 
can use the transport modes in a selective manner, using an effective modal strategy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Description of micro, meso and macro indicators (Demkes, R. and Tavasszy, L. A. 2000) 
As seen, Romania possesses an important position for inter-continental (Asia to Europe) and interregional 
(Silk Route and CEE hinterland) transport. Another chance for Romania is represented by the access to the Black 
Sea and the World due to the Port of ConstanĠa. The Port of ConstanĠa holds a number of key advantages, such 
as depth, expansion possibilities and nearness to the Central & Eastern European markets. However, the key 
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elements of the global “path of least resistance” remain to be developed by the Romanian government in order 
to offer the market a real competitive package. 
Drawing on the literature review concerning the experiences of other EU countries, the key elements most 
used to obtain an effective Inter-Modal Strategy seem to be, in a systemic approach: (1) the improvement of land 
transport access to ports eg. the improvement of Road and Rail Access to Existing Container Ports and the 
providing of Good Land Connections for New Port Developments, (2) the delivery of increased port capacity, 
(3) the development of rail freight infrastructure and terminals such as Rail Track and intermodal Terminals, (4) 
the strengthening of freight capability of the road network, (5) the promotion of a more competitive environment 
and (6) the introduction of new service models, more global.  
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